Abstract. For many years, microorganisms and seaweed have been widely used to increase food production and crop productivity in many regions of the world through its beneficial effects. In the present study, a new process to produce a bioactive extract from the micro fermentation of brown seaweeds was developed. The optimized conditions of pH, inoculum size, seaweed concentration and temperature allowed high extraction yields of alginates represented up to 33% of the seaweeds dry weight, compared to 25% for conventional extraction procedure. Fourier Transform infrared spectroscopy (FTIR) and Gel Permeation Liquid Chromatography (GPC) were used in the alginate characterization, respectively. The sample analyzed had similar infrared absorption peak and molecular weight around 500 kDa of sodium alginate. Furthermore, the antimicrobial activity and influence on plant growth from seaweed fermentation extracts were evaluated. The results demonstrate that the seaweed fermentation extracts may provide a useful tool for the control of different pathogens microorganism and in the same time promote the plant growth.
Introduction
The application of seaweeds (Laminaria japonica J. E. Areschoug) as soil conditioners and fertilizers has been an ancient and prevalent farming practice around the world [1, 2] . An important number of commercial products extracted from seaweeds are actually used in agriculture and horticulture [3] . Seaweed liquid fertilizer exhibited a growth-stimulating property on many crops increasing the vegetative growth, leaf chlorophyll content, stomata density, photosynthetic rate and fruit production of different plant species [4] .
Alginate is an acidic linear polysaccharide distributed widely in the cell walls of brown seaweed. Alginate consists of hexuronic acid residues a-d-mannuronic acid (M) and α-l-guluronic acid (G) with exclusively 1→4 glycosidic linkages [5] . This can be extracted using chemical method; however, the active ingredient in seaweed could be easily destroyed in the process [6] . Therefore, the uses of new methods to release the active ingredient from the seaweed gently and efficiently might be of a significant impact.
Seaweed fermentation has been widely used in food, beverage, medicine and, agriculture [7] . The seaweed degradation by microorganism strains plays an important role during the fermentation [8] .
Most of previous studies focused on the seaweed extract, but ignored the value of the degradation process. Numerous studies have shown that agricultural probiotics may enhance the plant absorption, the utilization of nutrient, promote the plant growth, improve the plant tolerance to abiotic stress and plant defense against pathogens [9, 10, 11] .
In this study, we obtained a microorganism strain from decomposed seaweed, which allow a higher extraction rate of alginate compared with the chemical method. Also, the strain showed a strong inhibitory effect on different plant pathogens. Additionally, the seaweed fermentation extracts showed a marked effect on the plant growth.
Material and Methods

Preparation of Seaweed
The seaweed was obtained from Rongcheng located in Shandong province. Seaweed was washed with tap water and dried at 60°C during 24 hours. After cutting up and powdered in high speed universal grinder, the dried seaweed was pasteurized and stored.
Isolation and Screening of Microorganisms during Seaweed Fermentation
The seaweed was immersed in water and incubated at 37℃ during 48 hours. Different colonies were selected and further purified by repeatedly streaking on LB medium. The purified strain were collected and stored in 30% glycerol at -80°C. The strain was inoculated in liquid medium consisting 1% beef extract, 1% yeast extract, 0.5% peptone, 1% glucose, 0.5% NaCl, 0.05% MgSO 4 and 0.3% KH 2 PO 4 . After 14h of incubation at 37°C, 3% seaweed powder was added into the broth and fermented during 24 hours. The supernatants of the broth was collected by centrifuging at 10000r/min at 4°C, for 10 min. According to the method of alginate purification, the purification of the alginates was performed to determine the quality of dry powder, after that the alginate degrading strain was determined.
Identification and Classification of the Microorganism
The genomic DNA from the microorganism was isolated using Bacterial column genomic extraction kit (Sangon Biotech, China). A fragment of 16S rDNA was amplified using the primers 27F (5 ' -AGAGTTTGATCCTGGCTCAG-3') and 1492R (5 ' -TACGGTTACCTTGTTACGACTT-3'), respectively. PCR conditions were as follows: an initial 94 ℃ denaturation step for 5 min followed by denaturation for 30 s at 94 ℃, annealing for 30 s at 56 ℃, and extension for 3.5 min at 72 ℃ for 30 cycles. The PCR product was purified and sequencing using the ABI 3730xl 96-capillary DNA analyzer (Sangon Biotech, China). The taxonomical identification and classification of the microorganism strain isolated was carried out using DNA sequence similarity versus international database sequences conducted by BLAST homology searches [12] . The phylogenetic trees were constructed by using the neighbor-joining method and based on comparison of nucleotides for 16S rRNA. Bootstrap percentages at the respective node were derived from 1000 replicates. Asterisks indicate branches of the tree that were also recovered using maximum-likelihood treeing algorithm using MEGA 5.1 program [13] .
Conditions for Seaweed Fermentation
The experiment was designed to evaluate the effect of the initial PH, inoculum size, seaweed concentration and temperature that based on the isolation microorganism fermentation method. All the conditions are listed in the supplementary table.
Water liquid mediums with initial pH of 4.0, 5.0, 6.0, 7.0 and 8.0 were respectively put into a triangular flask, inoculum size was 5%，culture temperature was 37℃，shaker speed was 140 r/min, then being cultivated for 14 h. under the above conditions.
Water liquid mediums with initial pH of 7.0 were respectively put into a triangular flask, inoculum size was 1%, 2%, 3%, 4%, 5%，culture temperature was 37℃，shaker speed was 140 r/min, then being cultivated for 14 h. After 3% seaweed powder was added into the broth and fermented during 24 h under the above conditions.
Water liquid mediums with initial pH of 7.0 were respectively put into a triangular flask, inoculum size was 5%，culture temperature was 37℃, shaker speed was 140 r/min, then being cultivated for 14 h. After 1%, 2%, 3%, 4%, 5% seaweed powder was added into the broth and fermented during 24 h under the above conditions.
Water liquid mediums with initial pH of 7.0 were respectively put into a triangular flask, inoculum size was 5%，culture temperature was 37℃, shaker speed was 140 r/min, then being cultivated for 14 h. 3% seaweed powder was added into the broth and after culture temperature was 30℃, 37℃, 45℃, 50℃, 55℃, 60℃ fermented during 24 h, others condition followed the above.
All experiments were carried out in 500 mL flasks with 100 mL of culture medium and replicated three times. According to the method of alginate purification, the supernatants were collected to determine the extraction yields of alginate.
Purification of Alginates
The purification process of alginate was carried out using calcium chloride (CaCl 2 ) at 5% and added slowly into the broth of seaweed fermentation. Then a hydrochloric acid solution was added until to set pH 4 to convert polysaccharides into the insoluble alginate acid form. The alginate acid precipitate was first filtered with a filter paper, and washed three times to eliminate the calcium ions. The precipitate was then suspended in water and 0.5% Na2CO3 was added to change the alginate into sodium form. Finally, the sodium alginate was precipitated by ethanol and freeze-dried [14] . The freeze-dried powder is used for further experiments. The extraction yields of alginate was calculated using the following equation:
The extraction yields of alginate (%) = g: the quality of dried alginate powder G: the quality of dried seaweed
Biochemical Characterization
Dried samples (1 mg) were dispersed in 100 mg of anhydrous KBr and pressed. The IR spectra were recorded in absorbance mode in the 4000-650 cm -1 region at a resolution of 4 cm -1 , using a VERTEX70 FT-IR instrument (Bruker, Germany). The molecular weight of alginate was determined by P230 GPC-gel permeation chromatographic system (Elite, Dalian), Chromatographic column: PL aquagel-OH MIXED (7.5mmI.D×30 cm) (Agilent, US), Flow rate: 1.0 ml/min, Column temperature: 40 ℃, Flow phase: 0.1 mol/L NaNO 3 .
Preparation of the Seaweed Fermentation Extract
The seaweed fermentation extract (SFE) was assumed as 100% seaweed fermentation extract. Different concentrations of SFE (0.5, 1, 1.5, 2, 2.5, 5, 10, 20, 30, 40 and 50%) were prepared by diluting this extract with distilled water. The seaweed extract was stored at 4°C for further applications.
Antimicrobial Activity Assay
The effects of the microorganism strain isolated on different plant pathogens fungi were evaluated using the agar diffusion method [15] . All the experiments were repeated three times. The plant pathogens fungi (Fusarium oxysporum (cotton), Fusarium oxysporum (cucumber), Botryosphaeria dotidea, Rhizoctonia solani (rice), Alternaria alternata, Gaeumannomyces graminsis, Fusarium oxysporum (tomato) and Rhizoctonia solani (wheat)) were supplied by Shandong Microbial Bacterial Strain Preservation Center. The plant pathogens fungi (5 mm in diameter) were cultured in the center of PDA and 100 µl bacteria fermentation liquid was inoculated in an oxford cup located to 2 cm from fungi colonies. Sterilized water was used as the control. The plates were incubated at 28℃ and the inhibition zones were measured after 3 days. Each inhibition experiment was repeated for three times. The antimicrobial activity was assessed by the size (diameter in mm) of the inhibition zones. The antagonistic rate was calculated using the equation according to [16] .
Inhibition rate (%) = X1: the net growth radius of the pathogen's half-diameter X2: the net growth of pathogenic bacteria after antagonism's half-diameter
Analysis of the Influence of Seaweed Extract on Plant Growth
Seeds of peanut (Arachis hypogaea L) with uniform shape, size, colour, and weight were selected for soaking in concentrations of SFE (5, 10, 20, 30, 40, 50 and 100%). One hundred seeds were soaked for each concentration of seaweed liquid extract during 24 h. All the experiments were repeated three times. Seeds soaked in distilled water during 24 h were used as control. After the incubation period at room temperature, seeds were placed on Petri plates containing filter paper. Seed containing Petri plates were placed at temperature 25°C, light intensity of approximately 100µmol photons m -2 s -1 for 12 h in a germinator. The filter paper was kept moist by regular addition of distilled water for control seeds and SFE for treatment seeds. Parameters seed germination and root length were measured after 25 days of growth [17] .
Screening of peanut seeds with the same germination conditions were soaked in distilled water. Also, the seeds were planted in pots (9 cm diameter) filled with a sterilized standard soil mix supplemented with N: P: K =1: 0.4: 0.5. Ten seeds were planted in each pot. The distance between seeds was about 3-5 cm and was watered regularly. After 10 days, the plants were treated with different concentrations of SLE (0, 0.5, 1, 1.5, 2, 2.5 and 5%). About 50 ml of different concentrations of extracts was applied at intervals of 3 days. After 70 days, the plants shoot length, root length and total fresh weight were determined. Plants irrigated with only water used as control. The experiments were developed under natural condition and replicated three time [18] .
Results
Identification and Characterization of Microorganisms
Purified strains from repeated streaking were named from G1 until G8 and the brown-seaweed-degrading abilities were detected. The extracting quality of alginate with G1strain was highest, which reached 30% respect to the rest strains. The predominant colonies were selected and examined for gram staining, cell shape, and sporulation. The strain isolated was a gram positive bacteria, individual is pole, have spore these strains, it was identified as bacteria (Figure 1 .) Sequence analysis of the 16S rDNA gene and BLAST sequence comparison revealed that the bacteria isolated "G1" was the specie Bacillus velezensis (Figure 2. ). Phylogenetic analysis of the 16S rDNA gene sequence of "G1" strain indicated a high identity with the specie Bacillus velezensis (99% identity). 
Fermentation of the Seaweed
As shown in Fig. 3A , extraction yields of alginate in fermentation broth increased with the increase of initial pH, which reached the highest when the pH was 7.0, and then decreased with the increase of initial pH. Changes of hydrogen ion concentration affected the absorption of microorganism on nutrient substance, enzyme activity and synthetic route of some creatures [19] , thus affecting the growth and metabolism of microorganism. Therefore, the optimum initial pH was 7.0.
As shown in Fig. 3B , extraction yields of alginate increased gradually when the inoculum size was 1%～3%, which reached to the maximum value when the inoculum size was 3%. The results might be related to the culture time and nutrient in medium. When the inoculum size below 3%, the microorganism haven't entry the index period that with low capacity to degrade the seaweed during the culture time. Therefore, the optimum inoculum size was 3%.
As shown in Fig. 3C , extraction yields of fermented product slowly increase and then decreased as seaweed concentration increased. Extraction yields of alginate increased when the seaweed concentration was 1%～3%, then the extraction yields reached to the maximum value when being cultured for 3%.
As shown in Fig. 3D , extraction yields of fermented product kept flat when the cultured between 30 ～ 45℃, but rapidly increased between 45 ～ 50℃. Enzyme activity closely related with temperature, so the optimum temperature was chosen at 50℃. 
Biochemical Characterization
The FT-IR spectrum of sodium alginate and sample alginate is presented in the Fig. 4 . A wide band at 3,428 cm -1 was assigned to hydrogen bonded O-H stretching vibrations, the others two at 2,929 and 1,608 cm -1 were attributed to C-H stretching and to carboxylate O-C-O asymmetric stretching vibrations, respectively (Figure 4) . The bands measured at 1,315, 1,090 and 1,033 cm -1 were attributed to C-C-H (and O-C-H) deformation, C-O stretching vibrations and C-O (and C-C) stretching vibrations of pyranose rings, respectively. The band at 946 cm -1 was indicated of uronic acid presence by the C-O stretching vibration. More signals at 900 and 815 cm -1 were assigned to the h-L-gulopyranuronic asymmetric ring vibration and the mannuronic acid residues, respectively. In conclusion, the picture impact that the simple FT-IR spectra broad band is similar to the alginate [20] . The distribution curve of the molecular weight of alginate remains a high molecular weight with preserved quality, which reached to 5.31×10 5 Da. (Figure 5 ). 
Antimicrobial Activity Assay
The bacteria fermentation liquid was evaluated in vitro for antimicrobial activity. The G1 strain had a strong and broad-spectrum inhibition effect against important plant pathogens ( Table 1) . The highest inhibitory rates of G1 strain against B. dotidea were 70.33%. 
The Influence of Seaweed Extract to Plant Growth
The effect of the 10% of SFE increased 14% of seed germination compared with the control (Fig.7A ). An increase in root length, was also observed to be highest for the 10% SLE treatment, and decreasing at higher concentrations (Fig.7B ). In peanut plants, there was a noticeable increase in root length (69%) and total fresh weight (39%) when 2.5 % SFE were applied, and it has little effect on the stem (Figure 8 ). 
Discussion
The fermentation of seaweed is usually applicable to bioethanol and bioactivity production [21, 22] . Most seaweed fermentation studies utilized traditional fermentation strains such as yeast, lactobacillus, or complex microbe [23, 24, 25] . In this paper, a degrading strain G1 was isolated from decayed seaweeds and identified as Bacillus velezensis. FTIR confirmed that G1 strain could degrade seaweed and produce alginate, whose molecular weight reached 5.31×10 5 kDa. Seaweed extracts are known to enhance the growth of vegetables, fruits, and other crops as they are reported to contain growth regulators such as auxins (IAA and IBA), gibberellins, cytokinin, betaines, and major macro and micro nutrients [26] . Thus, seaweeds are now being used as biofertilizers [27] . This paper showed that the application of seaweed fermentation extract enhances the germination, growth, and yield of peanut plants.
Further results indicated that the G1 strain had a good antimicrobial activity which might protect peanut plants against pathogens and promote its growth [28] . There is a report that growth parameters were found to be highest at the 20% concentration seaweed liquid extract treatment [29] . In this study, we got the highest growth parameters when the concentration was 10%. This phenomenon may be due to the microorganisms in the SFE. With the increase of the SFE concentration, there was no obvious change in shoot length. The SFE is added to the soil, so it has little effect on the stem. Cormophyte plant could be treated with SFE in the form of foliar spray. The integration of microorganisms and alginate could obviously increase plant growth and bring more benefits to users.
Although the composition of seaweed extracts was not clearly researched and the mechanism of the bioactivities was still instinct, the fermented seaweed fertilizer is available has a great potential for agricultural applications.
